Nodule-specific uoricase (uricase I) from Phasolus vulgas L. was purified to homogeneity by chromatographic methods. Purification data indicated that uricas II is approximately 2% of the total soluble protein from mature nodules. Specific antiserum was raised and used to determine the developmental expression and for immunoselection of polysomes. Uricase II was antigenically detected early in nodule development, 2 to 3 days before nitrogen fixation. Uricase-encoding cDNA clones were isolated by hybridizing a nodule-specific pUC9 cDNA library with labeled mRNA from immunoselected polysomes and a 35,000 molecular weight uricase II-encoding cDNA from soybean. An homologous clone (pNF-UR07) was used to assess the expression pattern of the specific transcript during development. Northern-blot analysis indicated that uricase II mRNA is exclusively expressed in nodule tissue.
The infection of legume roots by Rhizobium results in the formation of nitrogen-fixing nodules. Nodulated legumes are either amide-or ureide-exporting species. In the former group asparagine, glutamine or substituted amides constitute the bulk ofnitrogenous compounds exported from the root system. Many of the ureide-forming legumes belong to the predominantly tropical tribes Phaseoleae and Glycineae, which primarily transport fixed nitrogen as allantoin and allantoic acid (1) . High levels of these compounds in xylem exudates are associated with high rates of nitrogen fixation (15) . The formation of ureides in root nodules involves linked metabolic pathways of de novo purine synthesis and catabolism (17) . Some of the enzymes of purine biosynthesis are found in the proplastids of infected cells (18) . On the other hand, uricase II and other enzymes of ureide metabolism have been detected in uninfected cells of soybean nodules (4) . Specifically, uricase II has been localized within the peroxisomes of these cells (2, 22) . The enzyme uricase (Urate oxidase, EC 1.7.3.3.) catalyses the formation of allantoin from uric acid and belongs to the purine degradation pathway (17) . A 35,000 mol wt subunit of soybean root-nodule uricase (nodulin-35) has been purified to homogeneity; this enzyme has been 'Supported in part from Consejo Nacional shown to differ in physicochemical properties and to have no antigenic cross-reactivity with the enzyme found in uninfected roots or leaves (2) . cDNA and genomic clones encoding for uricase II have been isolated and the deduced primary structure of the enzyme from DNA sequence has been reported (14) . The lack of cross-hybridization of nodulin-35 (N-35) cDNA with RNAs from other tissues indicated that N-35 is a nodule-specific gene product which is induced only during the Rhizobiumsoybean symbiosis.
Phaseolus vulgaris is a ureide-transporting species when effectively nodulated. We are interested in finding physiological and genetical markers to assess the development and the effectiveness of nodules. In this paper we present the purification of uricase to homogeneity by chromatographic methods. Anti-uricase specific antiserum was used to determine the appearance and the accumulation of uricase during nodule development. The immunoprecipitated in vitro translation product of uricase was compared to the purified enzyme showing the same mol wt.
Uricase cDNA clones were isolated from a P. vulgaris nodulespecific cDNA library made in pUC9 cloning vector. We also show Western-and Northern-blot experiments indicating that the uricase of P. vulgaris is a true nodulin which is exclusively expressed during the nodule ontogeny, and before the commencement of nitrogen fixation.
MATERIALS AND METHODS
Plant Growth. Phaseolus vulgaris L. cv Negro Jamapa seeds were surface sterilized, allowed to germinate for 48 h under saturated humidity, and sown in vermiculite pots inoculated with Rhizobium phaseoli strain CIAT899 obtained from CIAT collection. Plants were grown in a greenhouse under natural light (approximately 14:10-h light:darkness cycle) as described (8 Electrophoresis and Immunodetection of Uncase II. Electrophoresis of proteins was carried out by SDS-PAGE with the discontinuous buffer-system of Laemmli (7). Constant amounts (35 ug) of protein from nodules of different ages were subjected to SDS-PAGE and transferred onto nitrocellulose membranes as already described (21) . Goat anti-rabbit IgGs with peroxidaselinked activity (Sigma) were used to detect the presence ofantigen in the immunoblot, as described (3).
Immunoadsorption of Polysomes. Polysomes were isolated from 20-d-old nodules as described (5) and uricase-specific polysomes were immunoadsorbed by using the antiuricase antiserum and a protein A-bound Sepharose (Sigma) column as previously reported (6) . Poly(A+) RNA was isolated from total immunoselected RNA as elsewhere described (12) . The isolated RNA was in vitro translated, used for cDNA synthesis and for screening a cDNA library from nodule-specific genes.
In (14) . cDNA probes for Northern hybridization were prepared by nick-translation as described (12) .
Northern-Blot Analysis. Polysomal RNA (10 Mig) from uninfected roots, leaves, or developing nodules were separated by electrophoresis on agarose gels containing 2.2 M formaldehyde as reported ( 12) , transferred onto nitrocellulose membrane filters (19) , and hybridized with a 32P-labeled insert of the P. vulgaris nodule-specific uricase clone.
RESULTS
Purification of Phaseolus vulgaris Nodule Uricase. The uricase purification data are summarized in Table I . The final purification factor was approximately 50-fold indicating that the enzyme represents about 2% of the total nodule soluble protein extract (S-100). The electrophoretic analysis of fractions from purification steps is shown in Figure 1 . The protein pattern from the crude and the S-I00 extracts were identical and only the S-100 extract is shown. The chromatographic step leading to the larger increase in specific activity was the Sephacryl S300 fractionation, 4Abbreviations: dNTP: deoxy-nucleotide.
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SANCHEZ ET AL. where a 7-fold purification factor was obtained (Table I) . Minor contaminants in this fraction were removed by ion-exchange chromatography (Fig. 1, lanes 3 and 4) . The purified protein showed a single band of 34 kD after SDS-PAGE. The specific antiserum prepared against the purified nodule uricase precipitated both the enzyme and the activity (not shown).
NODULE-SPECIFIC URICASE FROM PHASEOLUS VULGARIS
Nodule Uricase mRNA Purification by Polysome Immunoselection and in vitro Translation. P. vulgaris uricase II-specific mRNA was enriched by polysome immunoadsorption. Total nodule polysomal and polysome immunoselected RNAs were in vitro translated and 35S-labeled products were separated by SDS-PAGE (Fig. 2) . The 34 kD uricase II band was several-fold enriched from the total polysomal (lane 1) to the immunoselected RNA products (lane 3). The identity of this product was established by immunoprecipitation with the anti-uricase antiserum (lanes 4 (14) (data not shown). One ofthese clones (pNF-UR07) was used as uricase II homologous probe.
Developmental Expression of Uricase II. Uricase specific activity and antigen level were determined in 10-d-old uninfected root-and in 10-to 32-d-old root-nodule S-100 extracts. Uricase activity was 100-fold induced during nodule development (Fig.  3A) ; uricase II was first detected on d 11 from inoculation (Fig.  3B) , and before the commencement of nitrogenase activity. Higher levels of uricase activity and antigen were observed after the onset of N2 fixation. No antigenic cross-reactivity was observed against the root extract (lane R).
Northern (10) . Important metabolic functions have been assigned to some of these nodulins; the case for the nodule-specific glutamine synthetase in Phaseolus vulgaris (8) and also the uricase-TI in soybean (2), have been recently de- scribed.
The purified uricase II from P. vulgaris nodules is composed ofa single 34,000 mol wt subunit, according to SDS-PAGE ( (Table I ). The enzyme represents probably the second mostabundant nodulin after leghemoglobin. The uricase specific activity detected in root-nodules increased dramatically during development (Fig. 3A) . It was 100-to 130-fold induced over those of roots or hypocotiles, respectively. Appearance of uricase II antigen (Fig. 3-B) occured about 3 d before the detection of nitrogen fixation activity (acetylene reduction) in modulated roots. The profile of enzyme activity induction during development was similar to the accumulation ofboth, the 34 kD uricase II protein band (Fig. 3) , and the 1.3 kb mRNA transcript (Fig.  4) . No antigen detection or mRNA hybridization has been detected in hypocotile, leaf, or root tissues of common bean plants. These results resemble those previously reported for soybean, another ureide-transporting legume (2) . Because of these similarities it is likely that the enzyme is also located in the peroxisomes of the uninfected cells in P. vulgaris nodules. The in vitro translation product of uricase II has the same 34,000 mol wt as the purified enzyme, suggesting that in P. vulgaris as in Glycine max (14) , the enzyme is not processed for transport into the peroxisomes.
Nguyen et al. (14) has recently reported the isolation of soybean cDNA and genomic uricase II-encoding clones. By DNA sequencing, the primary structure of the enzyme was inferred. The positive cross-hybridization and the analogous developmental expression pattern between uricase II genes from G. max and P. vulgaris, indicate a conservation of nodulin genes which are related to a special ureide-catabolism pathway. Nevertheless, it would be interesting to compare the homology between common-bean and soybean uricases, as has been done for leghemoglobins (9) . This would provide an estimate of the divergence between enzymes performing the same function in plants of two different taxonomical-assigned tribes: one indigenous from Mexico and Central America and the other from China.
The specific appearance of uricase II mRNA in nodule tissues and the induction before nitrogen fixation activity indicate that one or several factors associated with symbiotic process are 
